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Abstract
Background: There are few quantitative documents about the seasonal incidence of tuberculosis (TB) among 
immigrant populations. Concerning the significant role of recognizing seasonal changes of TB in improving the TB 
control program, this study determines the trend and seasonal temporal changes of TB among immigrants entering 
Iran.
Methods: In this longitudinal study, data from the Iranian TB register Program (from 2005 to 2011) was used. The 
aggregated number of monthly and seasonal TB cases was obtained by adding the daily counts. Data was analyzed by 
Chi-square, Independent T-test, ANOVA, and Poisson regression using Stata 11 and SPSS 20 software. 
Results: Among 74,155 registered patients with TB, 14.3% (10,587) were non-Iranian who had immigrated to Iran 
from 29 different countries. The highest aggregated number of seasonal and monthly incidence of TB in immigrants 
was observed in spring (2824, P= 0.007) and in May (1037, P< 0.001). The number of non-Iranian patients with TB 
increased significantly over the years (β= 0.016, P= 0.001).
Conclusion: This study shows that immigrants constitute a significant portion of TB patients recorded in Iran and 
this trend is increasing. Also, the peak incidence of this disease is the second month of the spring.
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Introduction
Tuberculosis (TB) is a disease caused by Mycobacterium TB. 
It affects various organs and is spread from person to person 
through respiration (1,2). This disease can happen following a 
new infection with Mycobacterium TB or activation of latent 
TB infection; most cases in endemic countries are due to the 
transmission of new infection (3–5). TB is the second cause 
of death from infectious diseases worldwide. In 1993, World 
Health Organisation (WHO) announced that TB was a global 
emergency. At that time, 7–8 million people were estimated 
to have TB and 1.3 to 1.6 million people were estimated to die 
because of TB. Despite global attempts, no progress has been 
made in this regard and the number of patients and deaths was 
8.5–9.2 million and 1.2–1.5 million respectively in 2010 (4–8). 
Historically, immigrants have had a great role in the spread 
of disease. The epidemiological importance of immigrants’ 
disease transmission cycles is known. In countries with low 
incidence of TB, immigrants with TB have caused many 
problems for the TB control program and even years after 
the relocation of immigrants; this problem continues to 
increase (9,10). Moreover, new immigrants who come to 
these countries are at a higher risk of becoming infected to 
TB. Hence, screening all immigrants on arrival is necessary 
and investing in the global TB control program is valuable 
(9–13). A study in Kuwait showed that out of 2,328,582 
screened immigrants, the incidence of pulmonary TB was 
4608 cases or 198 in 100,000 and that the disease had a 
non-linear pattern (14).
Reviewing and identifying temporal changes and the seasonal 
pattern of TB, especially among migrant population is of 
great importance. As seasonal patterns are recognized, 
we can take action to estimate future health problems 
appropriately, develop, and improve effective public health 
programs, determine goals, and make more effective use of 
available resources (15).
Season may affect the mechanism of disease transmission 
and detection in different ways. On one hand, temperature, 
snow, and rain determine the time period when people 
spend indoors and facilitates the transmission of TB. On the 
other hand, the high workload in a particular season may 
inhibit patients’ timely referral. Finally, season reflects when 
registration of disease is high thus, suitable programming 
can be provided (16–18).
It has been proven that the incidence of most respiratory 
infections has seasonal changes and this seasonal pattern 
has been confirmed in most studies that have examined 
the seasonal pattern of TB incidence (15,17–25). However, 
there is little documentation regarding the seasonal pattern 
of TB among emigrant populations. In this regard, only one 
study was carried out on the seasonality of TB incidence in 
immigrants in which the peak incidence of TB in immigrants 
was in spring (Late April) (26).
Despite the ongoing efforts made in Iran regarding TB control 
program, achieving the predicted objectives in TB control 
program is very difficult due to some uncontrollable problems 
such as having borders with Pakistan and Afghanistan which 
are among the world’s 22nd most infected countries (3,7). 
Concerning the importance of being aware of TB temporal 
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changes among migrants in improving the TB control 
program, the present study examines the effect of season on 
the incidence of disease among migrants entering Iran in 
order to suggest strategic guidelines.
   
Methods
In this longitudinal study, data from the Iranian TB Register 
Program was used.  For ethical concerns, the first name and last 
name were excluded. Also, the use of these data was approved 
by the office of TB in Iran. The sample included all TB cases 
diagnosed among migrants entering Iran from 2005 to 2011.
The time variables in this study were month and season. The 
aggregated number of TB cases per month was obtained by 
adding the daily cases. Thus, according to the study period 
(2005–11), 84 time points (months) were obtained. Spring 
included the months of April to June, summer included July 
to September, autumn was October to December and winter 
was January to March.
The main definitions were as follows: In the present study, 
an “immigrant” was a person who did not have an Iranian 
nationality and  came to Iran in order to seek work and 
settlement. A “new case” was a patient who had never received 
treatment for TB or who had taken anti-TB drugs for less than 
4 weeks. A “retreatment case” was a patient who had taken 
anti-TB drugs for at least 4 weeks (8). 
In order to investigate the nature of data in terms of equality of 
variances and normality, Leven test and Kolmogorov-Smirnov 
test were used, respectively. ANOVA test was used to evaluate 
the effect of season and month on incidence. Also, Chi-square 
was used for categorical variables and  independent T-test 
was applied  to compare age mean by gender and Poisson 
regression tests were utilized to determine  the trend of TB 
incidence among immigrants. The significance level equal 
to or less than 0.050 was considered significant. The SPSS 20 
(SPSS Inc., Chicago, IL, USA) and Stata 11 (Stata Corporation, 
College Station, Texas) software was used to analyze the data.
Results
Out of 74,155 patients with TB (recorded between 2005 and 
2011), 14.3% (10,587 persons) were non-Iranian and had 
immigrated to Iran from other countries. From them, 97.1% 
(10278 persons) were Afghanian, 0.6% were Iraqi (n= 61), and 
0.4% were Pakistani (n= 38). The remaining patients were from 
Azerbaijan, Africa, Jordan, Uzbekistan, Algeria, United Arab 
Emirates (UAE), Bahrain, Bangladesh, Tajikistan, Thailand, 
Turkmenistan, Turkey, China, Russia, Zimbabwe, Senegal, 
the Philippines, Kazakhstan, Kuwait, Georgia, Oman, Russia, 
Tanzania, Kenya, Lebanon, and India.
Regarding gender, 5531 (52.2%) of patients were female. 
Women were significantly more than men (P< 0.001). The 
average age of patients with TB among migrants entering 
Iran was 39.4 ± 20.2. The average age and standard deviation 
(SD) of men and women was 38.1 ± 20.5 and 40.5 ± 19.8, 
respectively and this difference was statistically significant 
(P< 0.001). Moreover, 7940 (75%) of the patients had 
pulmonary TB and 25% had extra-pulmonary TB. 5970 
(75.2%) of patients with pulmonary TB were smear positive. 
According to the results of sputum tests prior to treatment, 
220 (3.7%) were 1–9 bacilli, 2199 (36.8%) were 1 positive, 
1340 (22.4%) were 2 positive, and 2211 (37%) were 3 positive. 
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Figure 1. Aggregated seasonality tuberculosis number in immigrant 
population in Iran
Regarding treatment, 8.3% of patients were in the retreatment 
group, 3.7% were in the relapse group, and 3.5% were in the 
default of treatment group. The number of patients varied 
from 1311 (12.4%) people in 2007 to 1654 (15.6%) people in 
2011. Poisson regression analysis showed that every year the 
number of non-Iranian TB cases increased significantly (P= 
0.001).
During 84 months of the study (from 2005 to 2011), minimum 
and maximum number of TB in migrant population was 83 
and 169, respectively. The highest monthly average incidence 
of TB was in spring (134.5 ± 21.3). The average was 123.9 ± 
18.0 in winter, 124.6 ± 16.1 in summer, and 116.1 ± 11.2 in 
fall and these differences were significant (P= 0.007).  Based 
on Post-hoc test, the difference between spring and autumn 
(P= 0.001) and autumn and winter (P= 0.018) was significant. 
Figure 1 also shows that the highest number of aggregated TB 
patients (2824 people) were in the spring.
The highest average incidence of TB in migrants entering Iran 
was in May (148.1 ± 14.0), followed by March (140.7 ± 15.4), 
June (139.6 ± 20.6), July (133.9 ± 7.8), February (128.7 ± 12.9), 
September (120.6 ± 21.6), August (119.3 ± 13.7), October 
(117.9 ± 16.8), January (117.3 ± 19.0), December (116 ± 8.4), 
April (115.7 ± 15.1), and October (114.6 ± 7.9) respectively; 
these differences were significant (P< 0.001). According to 
Post-hoc test (Table 1), the differences observed between May 
and April, August, September, October, November, December, 
January, and February were significant. Also, the average 
incidence of TB was significant between April and June, 
July and March, and between June and August, September, 
October, November, December, and January.
It should be noted that the highest monthly incidence of TB 
(1037 people) among the migrant population entering Iran 
was in May (Figure 2). Also, according to Figure 3, the highest 
aggregated number of pulmonary TB with sputum smear 
results of 1–9 bacilli and 1 positive was in winter, while for 2 
positive and 3 positive, it was in spring. 
Discussion 
This study shows the seasonal pattern of TB incidence among 
migrant populations entering Iran. More than one seventh of 
patients recorded in Iranian TB registry Program are non-
Iranian and this trend is increasing. The peak of incidence is 
in spring and May. After May, the incidence of disease declines 
with the lowest reported number in November. Moreover, 
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another peak can be found in the last month of winter 
(March). One of the most prominent points in this study is 
that, spring is the peak of pulmonary TB cases with laboratory 
results of culture or sputum smear 2 positive and 3 positive, 
while winter has the peak with 1 positive and 1–9 bacilli.
In this study, the incidence of TB was higher among female 
non-immigrants and this was similar to what is seen in 
Iranian patients (27). Also among all TB cases, smear positive 
pulmonary TB was higher in non-Iranian patients than 
in Iranians. Sputum smear in the majority of non-Iranian 
patients was 2 positive and 3 positive which probably reflects 
more delay in diagnosing this group due to various reasons 
including the lack of access to diagnostic facilities, poor 
information, unstable residence, etc. (3,28). The average age 
of TB registered cases is lower in migrants than Iranians 
which can be due to the fact that most migrants are middle-
aged people who come to Iran as workforce.
In a study conducted on migrants entering Kuwait, the peak 
incidence of TB was in the spring and late April (26). In 
another study about the seasonal pattern of TB in the native 
Iranian population, it was shown that TB had a seasonal 
pattern and its peak was on the 14th of June (29). In studies 
conducted on native populations of other countries, the 
peak incidence of this disease was summer in Britain (17) 
and Hong Kong (18); spring and summer in Taiwan (23) 
and Ireland (24); spring and late fall with the peak being in 
March in the United States (25); summer in Japan (24); late 
winter and spring in Spain (in a study carried out by Luqureo 
et al.) (20); summer and autumn in a study by Rios et al. (16); 
spring and summer in South Africa (in a study by Fares et al.) 
(24); and late winter and early spring in a study by Schaaf et 
al. (21). In north of India (17), the peak incidence of TB was 
in spring and summer (highest in April and June, and lowest 
in October and December), while no seasonal pattern was 
observed in the south of India (10). The seasonal scope of TB 
was broad in the above-mentioned studies with spring being 
the peak; results of this study are also in line with the results 
of the above studies. 
An important point in this study was that, the beginning 
of the peak in TB incidence was in the last month of winter 
(March) and its decrease was in the first month of the 
spring (April). This might be due to the fact that health and 
treatment centers in Iran do not work for about fifteen days of 
April (during Iranian New Year holiday) and that people are 
very busy in these fifteen days. Owing to the chronic nature 
of this disease, patients tolerate the conditions in these days 
and postpone their visits. Therefore, it causes aggregated 
diagnosis and registration after the holiday season. Another 
Table 1. The result of Post Hoc test to investigate the differences observed between the monthly average of TB recorded in immigrants
April May June July August September October November December January February March
April 0.001 0.004 0.028 NS NS NS NS NS NS NS 0.003
May NS NS 0.001 0.001 0.001 0.001 0.001 0.001 0.019 NS
June NS 0.014 0.021 0.009 0.003 0.005 0.007 NS NS
July NS NS NS 0.020 0.030 0.044 NS NS
August NS NS NS NS NS NS 0.010
September NS NS NS NS NS 0.015
October NS NS NS NS 0.006
November  NS NS NS 0.002
December NS NS 0.003
January NS 0.005
February NS
March
NS: Non-significant
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Figure 2. Aggregated monthly tuberculosis number in  immigrant population in Iran
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point here is that physicians, in winter, may confuse this 
disease with other common seasonal diseases and may in 
most cases, regard symptoms like a cough as viral diseases; 
thus, TB is not diagnosed quickly in winter and it is postponed 
until the next spring. 
Although the exact interpretation mechanism of the seasonal 
pattern of TB patients is not completely understood, several 
studies have regarded social and environmental factors such 
as temperature, humidity, sunlight, crowded areas, close 
person-to-person contacts as seasonality resources of TB. 
The hypothesis proposed here is that since winter is a cold 
season, people mainly live in closed environments and thus, 
transmission of disease happens in winter; after a period of 
incubation in winter, symptoms are diagnosed and registered 
in spring (24). Rios et al. (16) stated that the higher incidence 
of TB in winter and spring was due to frequent respiratory 
diseases, flu and incidence of immunodeficiency as well as 
more transmission in winter due to living in closed areas. 
Yamamoto et al. mentioned that low immune function due 
to decreased vitamin D in winter causes the higher incidence 
of TB but, since the incubation period of this disease was 
between 1 and 4 months, higher reported cases of this 
disease is seen in the summer (22). In Hong Kong, Leung et 
al.  showed that reduced sunlight and decreased vitamin D 
significantly increases the cases of TB with positive smear and 
sputum culture in the summer (18).
Limitations
The main limitation of this study was the fact that we did 
not know the total number of migrants entering Iran. Thus, 
comparing the incidence of TB among migrants and native 
Iranians was not possible. The pattern of refugees’ immigration 
per  month in Iran was not known either, and therefore, one 
may argue that the number of immigrants goes up in the 
spring and then down in the winter. Changes might also exist 
in the immigrant health information or the time of entry to 
the country and could have affected these results. Moreover, 
examining the role of climatic conditions such as temperature, 
precipitation, humidity, and dust in the incidence of disease 
was not possible due to the characteristics of the migrants i.e. 
not being tied to a certain place and time.
 
Conclusion
This study reveals that a large number of TB patients in Iran 
are non-Iranian. The seasonal scope of this disease is broad 
Figure 3. Aggregated seasonality the number of positive sputum or 
culture in immigrant population in Iran
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and its incidence is relatively high from February to July (the 
first month of summer). However, there are two distinct 
peaks in this group: the second month of spring and the 
last month of winter.
Concerning the mentioned problems, one of the main 
points in improving the quality of TB control program is 
to screen migrants more carefully and completely which 
requires international efforts. Initial effective screening is 
also recommended to decrease delays in diagnosis and to 
prevent spread of disease to others. Moreover, teaching people 
how to observe their personal health, especially in winter in 
which respiratory diseases and influenza as well as coughs 
and sneezes are more common, is of great importance. Being 
exposed to the sunlight from the second month of fall to late 
winter is also suggested. In the case of presence of TB basic 
symptoms especially coughs, physicians are asked to consider 
TB in all seasons especially in winter.
Acknowledgements
The authors wish to thank all of the personnel working 
in Tuberculosis Office of the Ministry of Health and the 
tuberculosis coordinators of all Iranian Medical Science 
Universities who provided us with the data.
 
Ethical issues
The study protocol was approved by the the office of TB in Iran.
Competing interests 
The authors declare that they have no competing interests.
Authors’ contributions
MM, Nkh, and MN contributed to writing introduction, discussion, and 
conclusion. Also MM and AB participated in data cleaning, data analysis, and 
writing  methodology and findings.
Authors’ affiliations
1Mazandaran University of Medical Sciences, Sari, Iran. 2Neurology Research 
Center, Shafa Hospital, Kerman University of Medical Sciences, Kerman, Iran. 
3Department of Biostatistics and Epidemiology, Faculty of Health, Kerman 
University of Medical Sciences, Kerman, Iran. 4Department of Epidemiology, 
School of Public Health, Iran University of Medical Sciences, Tehran, Iran.
References
1. Moosazadeh M, Khanjani N, Bahrampoor A. Seasonality and 
Temporal Variations of Tuberculosis in the North of Iran. Tanaffos 
2013; 12: 35–41.
2. Ignatova A, Dubiley S, Stepanshina V, Shemyakin I. 
Predominance of multi-drug-resistant LAM and Beijing family 
strains among Mycobacterium tuberculosis isolates recovered 
from prison inmates in Tula Region, Russia. J Med Microbiol 
2006; 55: 1413–8. doi: 10.1099/jmm.0.46575-0
3. Hassanzadeh J, Nasehi M, Rezaianzadeh A, Tabatabaee H, 
Rajaeifard A, Ghaderi E. Pattern of Reported Tuberculosis 
Cases in Iran 2009-2010. Iran J Public Health 2013; 42: 72–8.
4. Dye C, Watt CJ, Bleed D. Low access to a highly effective 
therapy: A challenge for international tuberculosis control. Bull 
World Health Organ 2002; 80: 437–44.
5. Corbett EL, Bandason T, Bun Cheung YB,  Munyati S, Godfrey-
Faussett P, Hayes R, et al. Epidemiology of tuberculosis in a high 
HIV prevalence population provided with enhanced diagnosis of 
symptomatic disease. PLoS Med 2007; 4: e22. doi: 10.1371/
journal.pmed.0040022
6. Moosazadeh M, Khanjani N. The Existing Problems in the 
Tuberculosis Control Program of Iran: A Qualitative Study. 
Moosazadeh et al.
International Journal of Health Policy and Management, 2014, 2(4), 181–185 185
Journal of Qualitative Research in Health Sciences 2012; 1: 
189–201.
7. Nasehi M, Moosazadeh M, Amiresmaeili M, Parsaee M, 
Nezammahalleh A. [The Epidemiology of Factors Associated 
with Screening and Treatment Outcomes of Patients with Smear 
Positive Pulmonary Tuberculosis: A Population-Based Study]. J 
Mazandaran Univ Med Sci 2012; 21 : 9–18.
8. Migliori GB, Espinal M, Danilova ID, Punga VV, Grzemska 
M, Raviglione MC. Frequency of recurrence among MDR-
tB cases successfully treated with standardised short-course 
chemotherapy. Int J Tuberc Lung Dis 2002; 6: 858–64.
9. Arshad S, Bavan L, Gajari K, Paget SNJ, Baussano I.  Active 
screening at entry for tuberculosis among new immigrants: a 
systematic review and meta-analysis. Eur Respir J 2010; 35: 
1336–45. doi: 10.1183/09031936.00054709
10. Dasgupta K, Menzies D. Cost-effectiveness of tuberculosis 
control strategies among immigrants and refugees. Eur Respir J 
2005; 25: 1107–16. doi: 10.1183/09031936.05.00074004
11. Cohen T, Murray M. Incident tuberculosis among recent US 
immigrants and exogenous reinfection. Emerg Infect Dis 2005; 
11: 725. doi: 10.3201/eid1105.041107
12. Vos AM, Meima A, Verver S, Looman CW, Bos V, Borgdorff MW, 
et al. High incidence of pulmonary tuberculosis persists a decade 
after immigration, the Netherlands. Emerg Infect Dis 2004; 10: 
736–9. doi: 10.3201/eid1004.030530
13. Lillebaek T, Andersen AB, Dirksen A, Smith E, Skovgaard LT, kok-
Jensen A. Persistent high incidence of tuberculosis in immigrants 
in a low-incidence country. Emerg Infect Dis 2002; 8: 679. doi: 
10.3201/eid0807.010482
14. Akhtar S, Mohammad HG. Nonlinear pattern of pulmonary 
tuberculosis among migrants at entry in Kuwait: 1997–2006. 
BMC Public Health 2008; 8: 264.  doi: 10.1186/1471-2458-8-264
15. Douglas AS, Strachan DP, Maxwell JD. Seasonality of 
tuberculosis: The reverse of other respiratory diseases in the UK. 
Thorax 1996; 51: 944–6. doi: 10.1136/thx.51.9.944
16. Rios M, Garcia JM, Sanchez JA, Perez D. A statistical analysis of 
the seasonality in pulmonary tuberculosis. Eur J Epidemiol 2000; 
16: 483–8.
17. Thorpe LE, Frieden TR, Laserson KF, Wells C, Khatri GR. 
Seasonality of tuberculosis in India: is it real and what does 
it tell us? Lancet 2004; 364: 1613–4. doi: 10.1016/s0140-
6736(04)17316-9
18. Leung CC, Yew WW, Chan TYK, Tam CM, Chan CY, Chan 
CK, et al. Seasonal pattern of tuberculosis in Hong Kong.  Int J 
Epidemiol 2005; 34: 924–30.
19. Nagayama N, Ohmori M. Seasonality in various forms of 
tuberculosis. Int J Tuberc Lung Dis 2006; 10: 1117–22.
20. Luqureo FJ, Sanchez-Padilla E, Simon-Soria F, Eiros JM, Golub 
JE. Trend and seasonality of tuberculosis in Spain, 1996-2004. 
Int J Tuberc Lung Dis 2008; 12: 221–4.
21. Schaaf HS, Nel ED, Beyers N,  Gie RP, Scott F, Donald PR. A 
decade of experience with Mycobacterium tuberculosis culture 
from children: a seasonal influence on incidence of childhood 
tuberculosis. Tuber Lung Dis 1996; 77: 43–6.  doi: 10.1016/
s0962-8479(96)90074-x
22. Yamamoto S, Shimizu A, KUchimura K, Ohmori MMA. Seasonal 
variatin in the incidence of pulmonary tuberculosis among the 
eldery in the Kanto area and its metrological factors. JPN J 
Biometeor 2003; 40: 83–92
23. Liao CM, Hsieh NH, Huang TL, Cheng YH, Lin YJ, Chio CP, et al. 
Assessing trends and predictors of tuberculosis in Taiwan. BMC 
Public Health 2012; 12: 29. doi: 10.1186/1471-2458-12-29
24. Fares A. Seasonality of Tuberculosis. J Glob Infect Dis 2011; 3: 
46–55. doi: 10.4103/0974-777x.77296
25. Willis MD, Winston CA, Heilig CM, Cain KP, Walter ND, Kenzie 
M. Seasonality of Tuberculosis in the United States, 1993-2008. 
Clin Infect Dis 2012; 54: 1553–60. doi: 10.1093/cid/cis235
26. Akhtar S, Mohammad HG. Seasonality in pulmonary tuberculosis 
among migrant workers entering Kuwait. BMC Infect Dis 2008; 8: 
3.  doi: 10.1186/1471-2334-8-3
27. Metanat M, Sharifi-Mood B, Alavi-Naini R, Aminianfar M. [The 
epidemiology of tuberculosis in recent years: Reviewing the 
status in south-eastern Iran].  Zahedan J Res Med Sci  2012; 
13: 1–7.
28. Nasehi M, Mohammad K, Gouya MM,  Madjdzadeh SR, Zamani 
G, Holakoii K, et al. Health Care System Delay in Diagnosis 
and Treatment of Contagious Tuberculosis in I.R. IRAN – 2003. 
Tanaffos 2003; 2: 55–64.
29. Taghizadeh Asl R, Mohammad K, Majdzadeh R. [Seasonality 
pattern of Tuberculosis in Iran]. Journal of School of 
Public Health 2012; 3. Available from: http://cdn.medlib.ir/
oldPDF/58/1639/17144.pdf
Implications for policy makers
• Understanding the seasonal pattern of TB in immigrants 
provides the opportunity for appropriate policy making to 
promote the current status of the tuberculosis (TB) control 
program.
• One of the problems of TB control programs in Iran is the 
uncontrolled arrival of immigrants from countries with 
high prevalence of TB.
• The frequency of TB diagnosis among immigrants is 
higher in some seasons and months of the year. 
• The possibility of timely case finding is not possible among 
immigrants due to their illegal arrival and this situation 
facilitates the spread of disease to native populations.
• Compliance and proper use of anti-TB drugs is low in 
immigrants.
• Surveillance of proper drug use in immigrant populations 
is difficult.
Implications for public
Tuberculosis (TB) is one of the most contagious chronic 
diseases that the international community has not been able 
to overcome it yet. This disease is higher in some groups, 
such as immigrants from countries with high prevalence of 
TB. According to the result of this study, most cases of TB 
recorded among immigrants entering Iran was in spring 
and May. Given the incubation period of TB, it would be 
likely that transmission of TB in this group occurs mainly 
in winter, and is due to deficiency of vitamin D, sunlight, 
and crowded living conditions.  However, the disease 
diagnosis and registration happens a few months later.
Key Messages 
